Improving the Design of EQ-5D Value Set Studies for China and Beyond by Yang, Z. (Zhihao)
Improving the Design of EQ-5D Value Set 




Printing and layout: Ridderprint BV, www.ridderprint.nl
Improving the Design of EQ-5D Value 
























Chapter 1		 General	introduction	 7
Part 1 
Chapter 2		 EQ-5D-5L	norms	for	the	urban	Chinese	population	in	China	 19
Chapter 3		 Logical	inconsistencies	in	time	trade-off	valuation	of		 33
	 EQ-5D-5L	health	states:	whose	fault	is	it?
Part 2
Chapter 4 	 Selecting	health	states	for	EQ-5D-3L	valuation	studies:		 47
	 statistical	considerations	matter
Chapter 5		 How	prevalent	are	implausible	EQ-5D-5L	health	states	and	how		 63
	 do	they	affect	valuation?	A	study	combining	quantitative	and	
	 qualitative	evidence
Chapter 6		 The	effect	of	health	state	sampling	methods	on	model	predictions		 79
	 of	EQ-5D-5L	values:	small	designs	can	suffice
Chapter 7 	 Towards	a	smaller	design	of	EQ-5D-5L	valuation	study	 99
Chapter 8 	 General	Discussions	 115
Chapter 9		 Summary	 127
Chapter 10		 Samenvatting	 133
Chapter 11		 Acknowledgments	 139
Chapter 12		 Curriculum	Vitae	 143
Chapter 13		 Ph.D.	Portfolio	 147





9G E n E r a l  I n t r o D u C t I o n
1
This	PhD	 thesis	 reports	on	 recent	experiences	concerning	 the	use	of	EQ-5D	 in	China.	
The	EQ-5D	 instrument	 is	 the	most	widely-used	quality	of	 life	questionnaire	 in	health	





to	 all	 EQ-5D	 states	 represent	 a	 key	 feature	of	 EQ-5D,	 as	 they	enable	 comparisons	of	
health	across	population	subgroups	(e.g.	stratified	by	region,	disease	area,	or	treatment	
received),	and	such	indicators	of	health	can	inform	health	care	investment	decisions.	









1 .1 	HTA	AND	ECONOMIC	EVALuATION	 IN	CHINA
The	introduction	of	EQ-5D	in	China	reflects	an	increased	interest	in	economic	evaluation	







characterised	as	a	body	of	academic	activities.	 Since	 then	 it	has	become	 increasingly	
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containing	increasing	health	care	costs	by	promoting	more	efficient	allocation	of	health	
resources	(3).	Since	resources	are	limited,	the	funding	decisions	need	to	be	made	between	




Adjusted	 Life	 Years	 (QALY)	 to	 measure	 health	 effects.	 The	 QALY	 measures	 health	
outcomes	 by	 combining	 length	 of	 life	with	 health-related	 quality	 of	 life	 (HRQoL)	 (3).	





In	 addition	 to	 its	 use	 in	 health	 economic	 evaluation,	 as	 explained	 above,	 EQ-5D	 can	
also	be	used	to	measure	and	describe	health.	For	 instance,	when	used	to	measure	the	
health	status	of	a	given	patient	group,	the	disease	burden	of	this	group	can	be	estimated	





validity	and	cost-effectiveness	of	 the	methods	used	 for	EQ-5D	valuation	 research.	An	
additional	aim	is	to	provide	an	EQ-5D	population	norm	for	the	urban	Chinese	population.	
1 .2 	EQ-5D	AND	 ITS 	uSE	 IN	MEASuRING	HEALTH	
The	EQ-5D	system	includes	two	essential	parts:	page	2	displays	the	EQ-5D	descriptive	
system	 and	 page	 3	 contains	 the	 EQ	 visual	 analogue	 scale	 (EQ-VAS).	 Figure	 1	 shows	
an	 example	of	 EQ-5D-5L	descriptive	 system	 in	 English.	 The	 EQ-5D	descriptive	 system	
comprises	 five	 dimensions:	 mobility,	 self-care,	 usual	 activities,	 pain/discomfort	 and	
anxiety/depression	(4).	 It	has	two	versions,	 the	three-level	EQ-5D	(EQ-5D-3L)	and	the	
















(4).	A	 set	of	norm	scores	provides	an	 important	 reference	point	 for	 clinical	 and	health	
economic	 research	 outcomes,	 as	 the	 effects	 of	 medical	 conditions	 and/or	 treatments	





comparison	 between	 two	 health	 states	 is	 difficult	 as	 a	 health	 state	which	 is	 good	 in	
certain	 dimensions	 may	 not	 be	 good	 in	 others,	 for	 example,	 13245	 versus	 51153.	
The	former	state	 is	good	 in	mobility,	 ‘severe’	 in	pain/discomfort,	whilst	 the	 latter	has	
extreme	 problems	 in	mobility	 and	 pain/discomfort	 but	 no	 problems	 in	 self-care	 and	
usual	activities.	This	comparison	between	states	can	be	facilitated	using	the	attached	













to	be	valued	 (243	for	 the	3L	version	and	3,125	for	 the	5L	version	of	EQ-5D)	by	many	
respondents	(N	=	30	to	100)	in	order	to	obtain	reliable	mean	values,	but	the	maximum	
13
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number	of	health	states	respondents	can	value	is	usually	around	20	to	30.


















difficulties,	 given	 these	 limited	 resources.	 First,	 they	did	not	have	 the	opportunity	 to	
investigate	 design	 properties	 beforehand,	which	 resulted	 in	 the	 concerns	mentioned	
above.	Second,	they	did	not	have	the	resources	to	engage	respondents	from	rural	areas.	
It	is	likely	that	people	living	in	such	areas	have	different	preferences	compared	to	people	


















reported	health	states	and	understanding	of	 the	TTO	task.	Then	part	2	 (Chapter	4	 to	
Chapter	7)		reports	on	how	different	design	choices	affect	the	predictions	of	health	state	
values	for	both	EQ-5D-3L	and	EQ-5D-5L.
Part  1: 





Research question 1	 – What	 are	 the	 EQ-5D-5L	 norm	 scores	 for	 the	 urban	 Chinese	
population	and	are	there	disparities	in	self-reported	HRQoL	in	urban	China?
A	 set	 of	 norm	 scores	 provides	 an	 important	 reference	 point	 for	 clinical	 and	 health	
economic	 research	outcomes,	as	 the	effects	of	medical	conditions	and/or	 treatments	
can	be	quantified	by	comparing	patients	and/or	 intervention	groups	with	the	general	
population	 (5).	Moreover,	 previous	 research	 has	 shown	HRQoL	 inequalities	 between	
different	 socio-demographic	 groups	 and	 regions	 in	 China	 (10-13).	 Reporting	 the	
norm	scores	by	demographic	groups	helps	us	 to	understand	this	 issue	 further:	 this	 is	
accomplished	 in	Chapter 2	 for	 the	 urban	 Chinese	 population	which	 also	 shows	 how	
demographic	factors	affect	individuals’	self-reported	HRQoL.	







3,	 the	 validity	 of	 the	 composite	 time	 trade-off	method	 in	 the	 Chinese	 population	 is	
assessed	by	looking	at	individual-level	inconsistencies.
15
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Published	 EQ-5D-3L	 valuation	 studies	 have	 utilized	 from	 17	 to	 43	 states	 for	 direct	
valuation	and	the	performance	of	these	designs	is	unknown.	Additional	to	the	published	
designs,	 an	 examination	 of	 two	 oft-used,	 but	 competing	 criteria,	 in	 selecting	 health	
states	 is	 proposed.	 The	 first	 criterion	 is	 commonness	 of	 the	 states.	 In	 relying	 on	 the	
general	public	to	value	health	states,	these	health	states	should	be	imaginable	to	the	
respondents,	 otherwise	 reliable	 values	may	 not	 be	 obtained.	 The	 second	 criterion	 is	
that	the	selected	states,	taken	together,	should	possess	balanced	statistical	properties,	
allowing	 unbiased	 decomposition	 of	 health	 effects.	 In	Chapter 4,	 the	 validity	 of	 the	
published	designs	versus	newly	proposed	designs	 in	 selecting	health	 states	 for	direct	
valuation	in	EQ-5D-3L	is	assessed,	using	an	external	saturated	VAS	dataset	as	validation.	
Research question 4 –What	are	implausible	EQ-5D	health	states	and	how	do	members	of	
the	general	public	value	implausible	EQ-5D-5L	health	states?	
As	 many	 members	 of	 the	 general	 public	 do	 not	 have	 much	 ill-health	 experience,	
some	 EQ-5D	 health	 states	 are	 inevitably	 hypothetical	 for	 them	 (23).	 One	 issue	 in	
valuing	hypothetical	health	 states	 is	 that	 some	states	may	be	considered	 implausible	
or	unrealistic	by	respondents.	Perceived	 implausibility	may	prevent	respondents	from	
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adequate	predictions	for	the	non-valued	health	states.	Previous	EQ-5D-3L	research	has	
shown	that,	by	optimising	the	statistical	efficiency	of	a	design,	less	states	can	be	used	
for	 direct	 valuation	 without	 compromising	 prediction	 accuracy.	 Hence,	 it	 would	 be	
helpful	to	know	how	many	health	states	are	needed	for	an	acceptable	level	of	prediction	







Finally,	 in	 Chapter 8,	 the	 findings	 of	 the	 thesis	 are	 discussed	 alongside	 some	 other	
relevant	matters.
1 .5 	TERMINOLOGY
As	 health	 economics	 is	 a	 multi-disciplinary	 field,	 the	 terms	 used	 are	 not	 always	
standardized.	 Terms	 used	 throughout	 the	 thesis	 are	 employed	 as	 consistently	 as	
possible.	 EQ-5D	 ‘index	 value’	 is	 sometimes	 referred	 to	 as	 ‘health	 state	 utility’.	 The	
‘Misery	 Index’	 is	 sometimes	 referred	 to	 as	 ‘the	 sum	 of	 five	 digits’.	 Some	 terms	 look	
similar	but	are	fundamentally	different,	notably,	‘implausible	health	states’	are	different	










EQ-5D-5L norms for the 
urban Chinese population in China

































2.2.1  Sampl ing and recruitment
The	study	drew	data	from	a	large	EQ-5D-5L	valuation	study	in	China	(9).	The	aim	of	this	
study	was	to	estimate	a	country	specific	scoring	algorithm	to	calculate	EQ-5D-5L	index	
scores.	 The	 scoring	 algorithm	has	been	 reported	elsewhere	 (9).	 The	 sample	 size	was	
decided	by	the	EQ-5D-5L	valuation	protocol,	which	was	aiming	at	constructing	country	
22
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specific	 EQ-5D-5L	 value	 set	 (28).	Members	 of	 the	 general	 population	were	 randomly	
recruited	 from	 five	 urban	 areas	 of	 five	 cities	 (Beijing,	 Shenyang,	 Nanjing,	 Chengdu,	
and	Guiyang).	From	each	city,	respondents	were	recruited	from	at	least	five	difference	
administrative	districts	and	at	different	time	of	day.	Specific	recruitment	sites	included	
library,	 hospital,	 university,	 local	 community,	 park	 and	 shopping	 areas	 etc	 (6).	 These	
five	cities	were	selected	as	representative	urban	areas	 in	terms	of	size	of	population,	




(6).	 In	each	 city,	members	of	 the	general	public	who	were	at	 least	16	years	old,	 and	
were	literate	and	able	to	understand	survey	questions,	were	recruited	through	personal	
invitation	(9).	Response	rate	was	calculated.	





and	 the	EQ-VAS.	 In	 the	second	section	 respondents	were	asked	 to	value	10	different	
EQ-5D-5L	health	states	using	a	composite	time	trade-off	(cTTO)	method	(8).	The	third	
section	contained	7	pairs	of	EQ-5D-5L	discrete	choice	tasks.	The	fourth	section	assessed	
respondents’	 socio-economic	 and	 other	 background	 characteristics.	 This	 paper	 used	
data	collected	in	the	first	and	fourth	sections	only.
2.2.2  the EQ-5D quest ionnaire
The	EQ-5D-5L	descriptive	system	consists	of	five	dimensions	(mobility,	self-care,	usual	




of	 the	5	dimensions	 and	 this	 leads	 to	 a	1-digit	 number	expressing	 the	 level	 selected	
for	each	dimension	(4),	i.e.	12211	means	the	respondent	had	no	problems	in	mobility,	
pain/discomfort,	and	anxiety/depression,	but	had	slight	problems	in	self-care	and	usual	
activities.	 A	 VAS	was	 used	 in	 the	 interview,	with	 anchor	 points	 0	 (‘worst	 imaginable	
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2.2.3  Data analys is 
For	each	respondent,	the	EQ-5D-5L	health	state	and	the	EQ-VAS	were	directly	observed	
from	 respondent’s’	 self-report	 questionnaire	 while	 the	 EQ	 index	 score	 was	 derived	
from	the	Chinese	EQ-5D-5L	value	set	(9).	In	the	EQ-5D-5L	value	set,	the	EQ	index	score	




gender,	 employment	 status	 etc.).	 For	 each	 demographic	 variable,	 the	 percentage	 of	
reported	problem	in	EQ-5D	dimension,	the	means	(and	95%	confidence	interval)	of	EQ-
VAS	and	EQ	 index	scores	were	calculated	 for	each	subgroup	and	 the	difference	were	
tested	statistically.	Second,	we	used	multivariable	analysis	to	examine	the	associations	
between	demographic	characteristics	with	reported	problems	in	EQ-5D-5L,	EQ-VAS	and	
EQ	 index	 scores	 respectively.	 For	 the	 reported	problems	 in	each	dimension,	we	used	
logistic	 regression	 (‘no	problems’	 coded	 as	 0;	 ‘slight	 problems’,	 ‘moderate	problems’,	
‘severe	 problems’,	 or	 ‘extreme	 problems/unable’	 coded	 as	 1)(4).	 For	 EQ-VAS	 and	 EQ	
index	 scores,	we	used	 linear	 regression.	All	 demographic	 variables	 including	 age	 and	
education	 level	 were	 entered	 into	 the	models	 as	 categorical	 variables.	Multivariable	
analysis	was	used	to	identify	significant	demographic	characteristics	using	a	backward	
selection	 procedure	 to	 remove	 covariates	 with	 p>0.05.	 Odds	 ratio	 was	 reported	 for	







recruited.	Among	 these,	1296	 (97.3%)	who	 successfully	 completed	 the	questionnaire	
24
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were	included	in	the	analysis.	The	mean	age	of	the	sample	was	42	years	(SD:	16	years),	

















Junior & Senior high school 867 66.9
College or higher 291 22.5
Employment	status
Full time employees 382 29.5







Township or village 453 35.0
Health	insurance
Urban employee 551 42.5
Urban residence 304 23.5





























Mobility No problems 100% 98.3% 98.4% 91.9% 96.4% 85.7% 69.2% 94.0%
Slight problems 0% 1.7% 1.6% 8.2% 3.6% 13.1% 26.9% 5.7%
Moderate problems 0% 0% 0% 0% 0% 1.2% 3.9% 0.3%
Severe problems 0% 0% 0% 0% 0% 0% 0% 0%
Unable to 0% 0% 0% 0% 0% 0% 0% 0%
Z (P value) 5.69 (0.000)
Self-care No problems 100% 100% 100% 98.5% 100% 96.4% 96.2% 99.1%
Slight problems 0% 0% 0% 1.5% 0% 3.6% 3.9% 0.9%
Moderate problems 0% 0% 0% 0% 0% 0% 0% 0%
Severe problems 0% 0% 0% 0% 0% 0% 0% 0%
Unable to 0% 0% 0% 0% 0% 0% 0% 0%
Z (P value) 2.65 (0.008)
usual	Activity No problems 96.4% 94.8% 95.9% 93.3% 99.1% 90.5% 92.3% 94.9%
Slight problems 3.6% 5.2% 4.1% 5.9% 0.9% 7.1% 7.7% 4.6%
Moderate problems 0% 0% 0% 0.7% 0% 2.4% 0% 0.5%
Severe problems 0% 0% 0% 0% 0% 0% 0% 0%
Unable to 0% 0% 0% 0% 0% 0% 0% 0%
Z (P value) 0.95 (0.342)
Pain/
Discomfort
No problems 78.6% 75.9% 78.1% 71.1% 64.6% 64.3% 57.7% 71.4%
Slight problems 19.6% 23.3% 20.3% 26.7% 29.1% 31.0% 30.8% 25.4%
Moderate problems 1.8% 0% 0.8% 1.5% 6.4% 4.8% 11.5% 2.8%
Severe problems 0% 0.9% 0.8% 0.7% 0% 0% 0% 0.5%
Extreme problems 0% 0% 0% 0% 0% 0% 0% 0%
Z (P value) 3.44 (0.001)
Anxiety/
Depression
No problems 67.9% 65.5% 66.7% 78.5% 75.5% 77.4% 88.5% 72.8%
Slight problems 30.4% 32.8% 29.3% 20.7% 21.8% 20.2% 11.5% 25.1%
Moderate problems 1.8% 1.7% 2.4% 0% 1.8% 0% 0% 1.2%
Severe problems 0% 0% 0.8% 0.7% 0.9% 2.4% 0% 0.6%
Extreme problems 0% 0% 0.8% 0% 0% 0% 0% 0.3%
Z (P value) -2.94 (0.003)

















Z (P value) -1.68 (0.093)

















Z (P value) -2.21 (0.027)
26





















Mobility No problems 96.2% 96.5% 99.2% 97.1% 95.5% 90.1% 73.2% 94.7%
Slight problems 3.8% 3.5% 0.8% 2.9% 3.6% 8.5% 19.5% 4.5%
Moderate problems 0% 0% 0% 0% 0% 1.4% 7.3% 0.6%
Severe problems 0% 0% 0% 0% 0.9% 0% 0% 0.2%
Unable to 0% 0% 0% 0% 0% 0% 0% 0%
Z (P value) 4.68 (0.000)
Self-care No problems 98.1% 99.1% 99.2% 100% 99.1% 97.2% 95.1% 98.8%
Slight problems 1.9% 0.9% 0.8% 0% 0% 1.4% 4.9% 0.9%
Moderate problems 0% 0% 0% 0% 0% 1.4% 0% 0.2%
Severe problems 0% 0% 0% 0% 0.9% 0% 0% 0.2%
Unable to 0% 0% 0% 0% 0% 0% 0% 0%
Z (P value) 1.42 (0.156)
usual	Activity No problems 96.2% 99.1% 98.4% 97.8% 96.4% 93.0% 78.1% 96.0%
Slight problems 3.8% 0.9% 1.7% 2.2% 1.8% 7.0% 22.0% 3.7%
Moderate problems 0% 0% 0% 0% 0.9% 0% 0% 0.2%
Severe problems 0% 0% 0% 0% 0.9% 0% 0% 0.2%
Unable to 0% 0% 0% 0% 0% 0% 0% 0%
Z (P value) 4.36 (0.000)
Pain/Discomfort No problems 66.0% 74.3% 76.0% 69.3% 65.5% 64.8% 51.2% 68.9%
Slight problems 30.2% 24.8% 23.1% 28.5% 32.7% 32.4% 39.0% 28.8%
Moderate problems 1.9% 0.9% 0.8% 1.5% 0.9% 2.8% 7.3% 1.7%
Severe problems 1.9% 0% 0% 0.7% 0.9% 0% 2.4% 0.5%
Extreme problems 0% 0% 0% 0% 0% 0% 0% 0.2%
Z (P value) 2.56 (0.010)
Anxiety/
Depression
No problems 56.6% 62.8% 76.9% 75.9% 76.4% 85.9% 78.1% 73.5%
Slight problems 37.7% 31.9% 20.7% 21.9% 21.8% 14.1% 19.5% 23.7%
Moderate problems 5.7% 4.4% 2.5% 1.5% 1.8% 0% 2.4% 2.5%
Severe problems 0% 0.9% 0% 0% 0% 0% 0% 0.2%
Extreme problems 0% 0% 0% 0.7% 0% 0% 0% 0.2%
Z (P value) -4.02 (0.000)

















Z (P value) -1.75 (0.081)

















Z (P value) -1.04 (0.300)
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EQ-5D	dimension,	and	 the	mean	 (SD)	of	EQ-VAS	and	EQ	 index	scores	by	other	socio-












Socio-demographic	 characteristics	which	 significantly	 predicted	 any	 problems	 in	 EQ-5D	
dimensions,	and	EQ-VAS	and	EQ	index	scores,	are	reported	in	Table	5,	where	the	reported	
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2.4	DISCuSSION
This	is	the	first	EQ-5D-5L	norms	study	from	China.	These	general	population-based	norms	










dimensions.	While	 it	 is	 not	 possible	 to	detangle	 such	 change	 in	 our	 study,	 in	 several	







Some	 results	 from	our	 study	were	 in	 line	with	other	 countries’	 EQ-5D-5L	norms	 (25,	






the	anxiety/depression	problem	was	more	prevalent	 in	 the	 younger	population.	One	
possible	 explanation	 is	 that	 the	 younger	 generation	 living	 in	 urbans	 areas	 perceived	
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One	 limitation	 of	 this	 study	 is	 that	 the	 sample	 was	 collected	 in	 five	 urban	 areas	 in	
China,	which	is	not	representative	of	the	whole	Chinese	population.	As	socio-economic	
differences	exist	between	different	areas,	also	between	urban	and	rural	areas	in	China,	
the	 health	 status	 of	 residents	 may	 differ	 by	 type	 of	 area	 (40).	 Furthermore,	 most	
respondents	were	recruited	in	public	locations,	therefore	the	sample	may	have	left	out	
those	who	were	not	able	to	go	outside.	This	may	have	led	to	a	selection	bias	towards	
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3.1	 INTRODuCTION
EQ-5D-5L	 is	a	preference-based	quality	of	 life	 instrument	which	 is	mainly	designed	to	
generate	health-state	utility	values	that	are	required	for	calculation	of	quality-adjusted	
life	years	 (QALYs)	and	cost-utility	analysis	 (44).	With	a	 classification	 system	consisting	
of	 five	 dimensions	 (mobility,	 self-care,	 usual	 activities,	 pain/discomfort	 and	 anxiety/
depression)	 and	 five	 levels	 of	 severity	 for	 each	 dimension	 (1=no	 problems,	 2=slight	
problems,	 3=moderate	 problems,	 4=severe	 problems	 and	 5=extreme	 problems),	 the	
instrument	defines	(55)	=	3,125	unique	health	states,	each	of	which	can	be	represented	
using	a	5-digit	number	or	vector	between	11111	(no	problems	in	any	dimension)	and	
55555	 (extreme	 problems	 in	 all	 five	 dimensions).	 An	 important	 component	 of	 the	














One	 issue	 that	 has	 occurred	 in	 the	 valuation	 of	 EQ-5D-5L	 health	 states	 is	 that	 some	
respondents	give	logically	inconsistent	values.	That	is,	better	health	states	are	valued	as	
more	undesirable	than	worse	health	states	(45).	For	example,	the	state	11121	is	valued	
lower	 than	 the	 state	 22321.	 Logical	 inconsistency	 could	 be	 due	 to	 random	mistake,	
however,	 if	 it	 occurs	 among	 a	 large	 proportion	 of	 respondents,	 it	 could	 signify	 the	





constructing	 the	 value	 set,	 thereby	 potentially	 affecting	 representativeness	 if	 certain	
sub-groups	of	respondents	score	more	inconsistencies	than	others	(45,	47-49).	Hence	
36




Previous	 EQ-5D-3L	 valuation	 studies	 found	 that	older	 and	 less-educated	 respondents	
were	more	likely	to	make	inconsistent	valuations	(46,	49).	EQ-5D-3L	is	similar	to	EQ-5D-
5L	except	that	there	are	only	three	descriptive	levels	for	each	dimension	(no	problems,	
moderate	 problems,	 and	 extreme	 problems).	 This	 result	 is	 not	 surprising	 as	 logical	
inconsistency	could	be	due	to	poor	understanding	or	misinterpretation	of	the	valuation	
task	(50,	51)	.	However,	it	is	not	clear	whether	this	is	the	case	in	the	valuation	of	EQ-5D-
5L	health	states	and	to	what	extent	 logical	 inconsistency	 is	related	to	 interviewers.	 In	
EQ-5D-5L	valuation	studies,	 interviewers	play	an	 important	role	 in	the	conduct	of	the	
valuation	tasks,	and	they	are	trained	to	 follow	a	standardized	protocol.	Nevertheless,	
interviewer	effects	have	been	observed	in	previous	studies	(52).	
The	aim	of	 the	present	 study	was	 to	 ascertain	 the	 factors	underlying	 individual-level	




3.2.1  Data source





the	 Chinese	 descriptors	 have	 similar	 interpretations	 with	 English	 counterpart	 (24).	
Briefly,	the	study	recruited	members	of	the	general	population	from	five	cities,	namely:	
Beijing,	 Nanjing,	 Shenyang,	 Chengdu,	 and	 Guiyang	 (9).	 In	 each	 city,	members	 of	 the	
general	population	were	recruited	from	a	number	of	public	places	including	community	
centers,	 parks,	 shopping	 centers,	 and	 university	 campuses.	 Sampling	 quotas	 were	
applied	so	that	the	sample	resembled	the	target	population	in	terms	of	age,	sex,	and	
education	 (6,	 9).	 Inform	consent	was	 given	 to	 the	 respondent	before	 conducting	 the	
interview	(9),	and	ethics	approval	was	not	needed	for	this	study	in	China	as	the	valuation	
task	 is	not	seen	as	a	medical	 intervention.	Each	respondent	was	 interviewed	 face-to-
37
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than	dead,	 the	 two	alternatives	 in	 the	valuation	 task	are:	1)	 living	 in	 full	health	 for	x	
years,	and	2)	living	in	full	health	for	10	years	and	then	in	an	EQ-5D-5L	health	state	for	
another	10	years.	The	utility	value	is	given	by	x/10	-1.	
At	 the	 interviews,	 the	 interviewer	 demonstrated	 and	 explained	 how	 the	 composite	
TTO	works	to	the	respondent	using	the	state	of	‘in	a	wheelchair’	as	an	example,	before	
proceeding	 to	 the	 formal	TTO	tasks	 for	 the	valuation	of	10	different	EQ-5D-5L	health	
states	 (29).	 The	EQ-VT	platform	was	designed	 to	value	a	 total	of	86	EQ-5D-5L	health	
states	considered	sufficient	for	the	estimation	of	a	value	set.	These	86	health	states	were	
divided	into	10	blocks	in	such	a	way	that	each	block	consisted	of	the	worst	state	(55555),	
one	of	 the	 five	mildest	 states	 (21111,	12111,	11211,	11121,	11112),	 and	eight	other	
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3.2.2  measures  of  inconsistency
At	the	respondent	level,	the	magnitude	of	logical	inconsistency	was	assessed	using	three	
indicators:	 inconsistency	rate,	distance,	and	ΔTTO.	Inconsistency	rate	was	the	number	
of	 inconsistently	 valued	 pairs	 of	 health	 states	 divided	 by	 all	 possible	 logical	 pairs.	







Owing	 to	 the	 highly	 skewed	 distribution	 of	 inconsistency	 in	 all	 3	 indicators	 across	
respondents,	as	 in	other	studies	(46,	50),	respondents	were	categorized	 into	3	 levels:	






3.2.3  Data analys is
Inconsistency	 factors	 studied	 included	 respondents’	 demographic	 characteristics,	
interviewer	identity,	and	interview	process	indicators.	Respondents’	characteristics	were	
age	 (16-24	 years,	 25-34	 years,	 35-44	 years,	 45-54	 years,	 55-64	 years,	 65-74	 years,	 ≥75	







An	 additional	 process	 characteristic	 examined	 was	 the	 sequence	 of	 the	 interviews,	
that	 is,	 the	rank	order	of	 the	 interviews	conducted	by	 the	same	 interviewer	 in	 terms	
of	 the	 interview	date	 and	 time.	 It	was	hypothesized	 that	 there	was	 a	 learning	 curve	
for	the	interviewers	in	the	study	such	that	the	quality	of	the	interviews	increased	with	
the	number	of	 interviews	 that	an	 interviewer	completed.	As	a	 result,	more	 interview	
39




level	and	the	respondent	as	the	 lower	 level	was	used	to	explore	 logical	 inconsistency	
factors.	 This	 model	 estimated	 the	 average	 effects	 of	 the	 lower-level	 factors	 among	











	 is	 the	 overall	 mean	 intercept	 and	 u
0j
	 is	 the	 random	 intercept	 to	 identify	
clusters,	here:	interviewers.










3.3.1  Data descr ipt ion
Of	 1,302	 participants	 in	 the	 valuation	 study,	 1,296	 finished	 the	 interview.	 Each	 of	 the	
20	 interviewers	conducted	at	 least	50	 interviews.	Table	1	summarizes	the	demographic	
information	of	the	interviewees	and	the	summarized	information	of	the	interview	process.
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Primary or Lower 138, 11%
Junior high school 405, 31%
Senior high school 462, 36%
College or University 225, 17%












44%	gave	at	 least	one	 inconsistent	 response.	The	numbers	of	 respondents	who	were	
‘slightly’	 and	 ‘severely’	 inconsistent	 amounted	 to	 499	 and	 74	 respectively.	 The	 rate,	
distance,	and	ΔTTO	of	logical	inconsistency	are	summarized	in	Table	2.





associated	 with	 severe	 inconsistency	 (Table	 3).	 Specifically,	 more	 time	 spent	 on	 the	
41
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wheelchair	 example,	 less	 time	 spent	 on	 the	 TTO	 task,	 and	 interviews	 completed	 at	






Variables RRR	(unadjusted) 95%CI RRR	(adjusted) 95%	CI
0		(Reference	level:	no	inconsistency) Base outcome Base outcome
1		(Slight	inconsistency)
Sequences (Rank orders) 0.810** 0.720, 0.912 0.806** 0.707, 0.918
Standardized time spent on TTO task 1.081 0.957, 1.220 1.246** 1.076, 1.441
Standardized time spent on wheelchair 
example
0.855* 0.755, 0.967 0.815* 0.699, 0.952
2		(Severe	inconsistency)
Sex 1.997** 1.230, 3.243 2.347**  1.429, 3.855
Sequences (Rank orders) 0.540** 0.417, 0.699 0.511**   0.385, 0.678
“Sex” is coded “0” for female respondent, and “1” for male respondent.
** Significant at 0.01 level.
* Significant at 0.05 level.
Two	interviewers	were	found	to	be	associated	with	a	higher	likelihood	of	slight	and/or	
severe	logical	inconsistency	in	the	single-level	model	(Table	4).	One	of	the	interviewers	


















Inconsistency rate Slight 447 0.045 14.287 0.235
Severe 126 0.169 22.713 0.333
Inconsistency distance Slight 160 0.040 4.966 0.254
Severe 413 0.085 20.469 0.257
Inconsistency ΔTTO Slight 325 0.059 15.317 0.096
Severe 248 0.090 17.219 0.467
Inconsistency fulfilled all criteria Slight 499 0.056 14.946 0.223
Severe   74 0.189 24.194 0.482
42
C h a P t E r  3
table 4:	Interviewer	effect	on	inconsistency:	multinomial	logistic	model	in	full	dataset,	N=1,296
Variables RRR	(unadjusted) 95%	CI RRR	(adjusted) 95%	CI
0	(Reference	level:	no	inconsistency) Base outcome Base outcome
1	(Slight	inconsistency)
Interviewer 7 3.486** 1.506, 8.071 3.476** 1.475, 8.191
Interviewer 9 2.242* 1.073, 4.683 2.659*  1.241, 5.696
2	(Severe	inconsistency)
Interviewer 7 8.054** 2.205, 29.411 7.335** 1.908, 28.195
Dummy variables ‘interviewer’ represent different interviewers, the reference level is ‘interviewer1’ from 
Shenyang, whose inconsistency level is the median among all interviewers.
** Significant at 0.01 level.
* Significant at 0.05 level.  
3.4	DISCuSSION
As	hypothesized,	 the	 factors	 interviewer,	 interview	process,	 and	 respondent	were	 all	
related	 to	 individual	 level	 logical	 inconsistency	 in	 the	 valuation	 of	 EQ-5D-5L	 health	
states.	In	terms	of	respondents’	characteristics,	male	gender	was	associated	with	severe	
logical	 inconsistency.	 One	 explanation	 could	 be	 that	 male	 respondents	 might	 have	
had	poorer	engagement	 than	 females	 in	 the	present	 study.	 In	 the	previous	EQ-5D-3L	
valuation	study	conducted	in	China,	young	and	well-educated	respondents	were	more	
likely	to	give	inconsistent	TTO	answers	(40).	unlike	previous	studies	(46,	49,	50),	older	





societal	 value	 set.	 For	 such	 studies,	 samples	 should	be	 representative	of	 the	 general	
population	 in	 terms	of	demographics.	Hence,	 respondents	who	are	more	 susceptible	
to	logical	inconsistency,	cannot	be	removed	from	EQ-5D-5L	valuation	studies;	the	only	
intervention	is	to	have	interviewers	pay	more	attention	to	these	respondents.	
More	 importantly,	 we	 found	 that	 interviewer	 and	 interview	 process	 indicators	 were	
independently	associated	with	logical	 inconsistency.	Specifically,	 interviews	conducted	
by	certain	interviewers,	those	conducted	earlier	on	by	interviewers	(sequence	effect),	
and	 those	 in	 which	 less	 time	 was	 spent	 on	 the	 wheelchair	 example,	 suffered	more	
from	this	 issue.	The	variations	across	 interviewers	suggest	that	some	interviewers	did	
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been	versed	enough	in	conducting	the	interviews	at	the	time	they	started.	Wheelchair	












the	 information	 is	 collected	by	 the	 survey	program	and	uploaded	by	 interviewers	on	
a	daily	basis.	Nevertheless,	our	study	suggests	that	 future	EQ-5D-5L	valuation	studies	









in	 certain	 groups	 of	 respondents	 (e.g.	 male	 respondents),	 removing	 these	 data	 will	
affect	 the	 representativeness	of	population	 samples	 (45).	Only	 a	 few	EQ-5D-3L	 value	
sets	were	estimated	by	excluding	some	of	 the	 logically	 inconsistent	data	(40,	47,	55).	
Nevertheless,	it	can	be	postulated	that	values	of	extreme	health	states	may	be	biased	if	
logical	inconsistency	occurs	with	respect	to	these	states.	For	example,	good	health	states	
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One	 limitation	of	 this	 study	 is	 that	we	 limited	our	analysis	of	 logical	 inconsistency	 to	
logistic	 analysis	 due	 to	 the	 skewed	 distributions	 of	 inconsistency	 at	 individual	 level.	
Moreover,	the	classification	of	inconsistency	in	the	logistic	model	was	arbitrary.	There	





the	 interview	 process.	 Our	 study	 has	 highlighted	 the	 importance	 of	 interviewers	 for	
health-state	valuation	using	the	TTO	elicitation	procedure.	
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4.1	 INTRODuCTION	
The	 EQ-5D-3L	 instrument	 is	 the	 most	 widely	 used	 preference-based	 health-related	
quality	of	life	questionnaire	(59).	The	EQ-5D	descriptive	system	consists	of	5	dimensions	
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• All	 plausible	 combinations	 of	 dimension	 levels	 were	 to	 be	 included	 to	 allow	
identification	of	(first	level)	interactions.
• All	 respondents	 should	 value	 2	 out	 of	 the	 5	 mildest	 states	 which	 were	most	
prevalent,	and	all	respondents	had	to	value	the	anchor	state	‘33333’,	so	that	for	
every	individual	the	utility	range	was	known	(‘11111’	was	defined	as	1.0).
• Some	 of	 the	 selected	 health	 states	 had	 been	 used	 in	 previous	 studies,	 thus	
maintaining	a	link	to	these	studies.
















the	 ‘best’	 strategy.	 Bonsel	 et	 al	 (69)	 systematically	 compared	 designs	 on	 the	 MAE	







































4.2.1  research strategy 
We	used	an	existing	data	set	with	visual	analogue	scale	(VAS)	values	from	126	students,	



















states.	The	 first	 time	the	values	of	11111	and	33333	were	used	as	anchors	while	 the	
second	time	these	values	were	used	for	analysis.	The	EQ-VAS	was	shown	on	a	separate	
paper.	The	standard	abbreviations	for	the	health	states	(e.g.	‘11132’)	were	printed	above	













4.2.4  tested experimental  designs 
Table	1	provides	a	summary	of	the	10	different	designs	that	were	compared	in	this	study.	
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table 1: Tested	designs	&	their	characteristics
ID Design names # health states # mild, moderate, 
severe health states
#common health states 
in design (percentage)
1. MVH 42 13,12,17 32 (76.2)
2. Japan 17 08,04,05 13 (76.5)
3. Paris 25 09,05,11 19 (76.0)
4. Bagust 47 16,10,21 45 (95.7)
5. Small Orthogonal 18 / /
6. Random (Common states only) 18 06,06,06 18 (100)
7. Random (All states) 18 06,06,06 /
8. Large Orthogonal 54 / /
9. Random (Common states only) 54 18,18,18 54 (100)
10. Random (All states) 54 18,18,18 /





















4.2.5  normal izat ion and model l ing of  VaS values
To	deal	with	the	issue	that	each	respondent	may	have	utilized	the	EQ-VAS	scale	differently,	
we	used	Formula	1	 to	 rescale	 the	VAS	value	 to	anchor	 it	on	 the	extremes	 full	health	
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11111.	Given	that	 the	value	of	11111	 is	1	and	the	 intercept	represents	any	deviation	
from	11111,	the	intercept	is	then	interpreted	as	a	discontinuity	between	the	value	of	full	
health	and	all	other	health	states	(68,	75).














instead,	where	AE>0.05	&	AE>0.10	were	applied	as	 criteria)	 to	 see	whether	a	design	
predicted	fairly	for	all	health	states.
4 .3 	RESuLTS
4.3.1  EQ VaS data














4.3.3  Performance of  var ious designs 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C h a P t E r  4
For	the	designs	repeated	100	times	(5-10),	Figure	1	shows	the	distributions	of	RMSEs	
based	on	all	243	health	states.	The	variations	in	the	RMSE	values	of	the	random	selection	








*Dark grey: number of health states with AE >=0.05 & <0.10; Light grey: number of health states with AE >=0.10. 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Figure	 2	 indicates	 that	 current	 designs	 produced	 large	 prediction	 errors	 for	 many	





the	 first	 principle	 of	 ensuring	 design	 orthogonality	 clearly	 outweighed	 the	 second	
























health	 states	 in	 future	 valuation	 studies.	 The	 common	 health	 states	 design	 did	 not	
predict	the	rare	states	well.	In	contrast,	orthogonal	designs	offered	the	best	predictions	
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universally	for	common	and	rare	states.	These	results	suggest	that	orthogonal	designs	
can	safely	be	used,	especially	when	they	are	also	designed	to	capture	level	interactions	












The	good	performance	of	 the	 large	orthogonal	design	warrants	 further	consideration	
as	this	could	point	to	a	mis-specification	problem	in	the	sense	that	main	effects	models	
perhaps	do	not	capture	all	effects	on	valuations.	For	 instance,	we	could	 imagine	that	
people’s	 values	 are	 subject	 to	 interaction	 effects.	 Interactions	 across	 severity	 levels	
might	reflect	diminishing	marginal	disutility,	or	reflect	that	in	some	health	profiles	both	
causes	(say,	mobility	issues)	and	consequences	(problems	in	usual	activities	or	self-care)	






It	 is	 an	open	question	what	our	 results	 imply	 for	 EQ-5D-5L	 valuation.	 In	 EQ-5D-5L,	 a	
5-level	response	scale	is	used	as	a	replacement	for	the	3-level	response	scale,	while	the	





it	was	3%	 (86:	3,039).	Hence	 it	 should	be	noted	 that	 the	 risk	of	misprediction	would	
increase	since	more	health	state	values	would	rest	on	extrapolation	when	using	EQ-5D-
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Published	 design	 strategies	 suffer	 to	 a	 large	 extent	 from	 misprediction	 that	 can	 be	









Large orthogonal design. 
n=6.795
mo2* -0.032 -2.5 -0.065 -11.79 -0.054 -11,02
mo3 -0.124 -7.96 -0.151 -21.77 -0.155 -31,43
sc2 -0.068 -5.49 -0.054 -9.15 -0.042 -8,55
sc3 -0.059 -4.02 -0.099 -13.94 -0.085 -17,33
ua2 -0.126 -10.06 -0.082 -12.71 -0.056 -11,3
ua3 -0.236 -15.56 -0.175 -25.75 -0.131 -26,62
pd2 -0.076 -7.45 -0.076 -13.72 -0.071 -14,45
pd3 -0.257 -22.35 -0.201 -34.4 -0.186 -37,65
ad2 -0.056 -4.93 -0.085 -14.59 -0.053 -10,7
ad3 -0.175 -15.54 -0.178 -29.9 -0.146 -29,52
Intercept 0.807 105.96 0.78 128.72 0.695 104,06
R squared 0.663 0.574 0.392
Root MSE 0.168 0.163 0.166
*Dummy variable coding: mo2 means ‘mobility’ at second level etc

ChaPtEr 5
How prevalent are implausible 
EQ-5D-5L health states and 
how do they affect valuation? 
A study combining quantitative 
and qualitative evidence









using	 regression	 models.	 An	 important	 decision	 concerns	 the	 selection	 of	 health	
states	 for	 direct	 valuation	 (15,	 69).	 However,	 there	 is	 no	 evidence-based	 guidance	
on	 health	 state	 selection	 criteria.	 One	 commonly	 used	 criterion	 is	 the	 plausibility	 of	
health	states	(67,	68,	85).	Health	states	being	‘implausible’	refers	to	those	health	states	
that	 respondents	may	 find	 unrealistic	 (86).	 The	 inclusion	 of	 such	 states	 in	 valuation	
studies	has	been	assumed	 to	compromise	 respondents’	engagement	 in	 the	valuation	






various	 ‘health	 states’	 based	 on	 textual	 descriptions	 in	 a	 short	 interview	 (8,	 14,	 29).	
Perceived	implausibility	may	have	further	increased	the	difficulty	in	imagining	the	health	





states),	 and	 are	 then	 perceived	 and	weighted	 to	 evaluate	 the	 health	 states.	 In	 their	
research,	 the	 investigators	 found	 respondents	 encountered	 difficulties	 when	 valuing	
implausible	EQ-5D	health	states.	















In	 this	 study,	 we	 investigated	 how	 likely	 EQ-5D-5L	 health	 states	 were	 perceived	 to	
be	 implausible,	 were	 there	 common	 characteristics	 for	 implausible	 states,	 and	 how	











































In	 order	 to	 highlight	 the	differences	 in	 the	health	 states	 for	 valuation,	we	presented	
the	EQ-5D-5L	health	state	descriptions	by	separating	the	dimensions	and	severity	levels.	
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Stage 2  –  rat ing of  health states’  implausibi l i ty
2	weeks	after	the	valuation	survey,	about	half	of	the	total	sample	were	invited	back	to	
rate	the	plausibility	of	health	states	they	had	valued.	The	survey	settings	were	similar	
to	 the	 valuation	 survey	 in	 the	 first	 stage.	 Students	 received	 the	 questionnaires	 they	
had	previously	 valued	 and	were	 asked	 to	 rate	 each	health	 state	 using	 a	 binary	 scale	




Stage 3  –  Qual i tat ive interviews 
A	small	group	of	students	who	participated	in	both	surveys	was	invited	to	share	their	
thoughts	 about	 implausible	 health	 states	 during	 in-depth	 interviews	 or	 focus	 group	
discussions.	 The	 interviews/focus	 group	 discussions	 were	 conducted	 2	 weeks	 after	
the	 implausibility	 rating	 task.	 All	 interviews	 were	 conducted	 and	 recorded	 by	 the	
same	 investigator	who	conducted	the	stage	1	and	2	surveys.	 In	 the	 interviews/	 focus	
group	discussions,	interviewees	were	asked	to	share	their	experiences/thoughts	about	
implausible	health	states.






worse	health.	 The	misery	 index	 ranges	 from	5	 (state	11111)	 to	25	 (state	55555);	 the	
number	of	health	states	with	 the	same	misery	 index	 ranges	 from	1	 (for	misery	 index	
group	 5	 and	 25)	 to	 381	 (for	misery	 index	 group	 15).	 In	 this	 analysis,	 boxplots	 were	





respectively,	 for	 each	 health	 state	 valued	 by	 each	 respondent.	 By	 averaging	 the	 rate	
for	 each	 health	 state,	 an	 implausibility	 score	was	 calculated	 for	 each	 health	 state	 as	
69
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the	percentage	of	respondents	who	rated	that	health	state	as	implausible.	For	example,	
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5.3	RESuLTS
5.3.1  Part ic ipant  character ist ics 
A	 total	 of	 890	 students	 completed	both	 the	 valuation	and	 implausibility	 rating	 tasks.	
The	average	 time	 to	 complete	 the	valuation	 task	was	65	minutes	 (range:	23	 to	180).	
On	average,	the	students	were	around	21	years	old	and	62%	female.	All	students	had	a	
health-related	education	background,	such	as	pharmacy	and	public	health.	Twenty-one	
students	were	recruited	for	qualitative	 interviews.	Nine	were	 interviewed	 individually	
and	the	remaining	twelve	students	attended	two	focus	group	discussion	sessions	with	
six	students	in	each	session.



















Figure	 2	 shows	 the	 mean	 VAS	 values	 of	 3,125	 health	 states	 plotted	 with	 their	




























33334 0.000 39.07 20.54 55111 0.932 52.90 17.17
32322 0.000 55.46 17.18 44151 0.930 44.95 17.19
33333 0.000 48.06 14.07 55121 0.927 48.62 14.43
32233 0.000 50.06 19.08 54151 0.926 44.51 14.89
22322 0.000 60.00 14.56 55151 0.924 41.15 16.63
23333 0.017 53.02 15.50 54114 0.907 42.00 14.84
21333 0.017 53.05 17.05 35114 0.907 48.49 15.31
12222 0.019 64.85 17.36 55141 0.889 43.26 15.34
54443 0.019 33.74 15.96 55152 0.889 35.50 13.06
55545 0.020 17.92 14.01 45121 0.885 53.98 14.85
Figure 3: The	implausible	score	of	health	states	over	misery	index
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Dimensions	combinations Odds	ratio Standard	error Z P-value
moua 3,525 0,108 40,960 0,000
scua 3,358 0,102 40,010 0,000
pdua 2,631 0,077 33,030 0,000
adua 2,319 0,067 28,960 0,000
uamo 2,305 0,063 30,390 0,000
uasc 2,205 0,061 28,750 0,000
moad 1,798 0,051 20,840 0,000
uaad 1,763 0,049 20,450 0,000
scad 1,637 0,046 17,590 0,000
pdad 1,555 0,043 15,960 0,000
mopd 1,456 0,041 13,390 0,000
uapd 1,450 0,040 13,390 0,000
mosc 1,371 0,039 11,220 0,000
scpd 1,308 0,037 9,580 0,000
pdsc 1,184 0,033 6,100 0,000
pdmo 1,171 0,033 5,650 0,000
scmo 1,169 0,033 5,540 0,000
admo 1,050 0,030 1,750 0,080
adpd 1,047 0,030 1,610 0,107
adsc 1,047 0,029 1,620 0,105
*all 5-1 levels combinations, in each dummy, the former was on 5th level, the latter was 1st level, e.g. ‘moua’ 




problems	 in	 usual	 activities.	 In	 contrast,	 the	 last	 three	 ‘not	 significant’	 combinations	
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t-test	 suggested	 that	 the	mean	VAS	value	based	on	plausible	observations	was	0.911	
higher	than	the	mean	VAS	value	based	on	implausible	observations	(P=0).
5.3.3  thematic  analys is  results
Most	 of	 the	 respondents	 reported	 that	 they	 noticed	 some	 ‘strange’	 states	 and	 the	
values	they	gave	were	vague.	Four	broad	themes	came	up	during	the	thematic	analysis	
regarding	 implausible	 health	 states:	 1)	 reasons	 for	 states	 being	 rated	 as	 implausible,	
2)	difficulties	 in	valuing	 implausible	health	states,	3)	strategies	for	valuing	 implausible	
health	states,	and	4)	values	of	implausible	health	states.	
reasons for  states  being rated as  implausible
Different	 respondents	 interpreted	 EQ-5D	 health	 states	 differently	 and	 had	 different	
judgements	 about	 the	 plausibility	 of	 health	 states.	 For	 example,	 some	 respondents	
reported	 that	 ‘11111’	&	 ‘55555’	were	 implausible	 as	 they	believed	 that	 one’s	 health	















(3)	Close	 relatedness:	 some	 dimensions	 were	 deemed	 to	 be	 closely	 related	 (not	


















one	 dimension	 at	 a	 time,	 starting	 from	 the	 most	 important	 dimension,	 and	
then	perceived	all	dimensions	together	as	a	health	state.	When	two	dimensions	
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(3)	Rationalize	 the	health	 state:	 respondents	 re-wrote	 the	 severity	 levels	of	 some	





Values of  implausible  health states














that	 there	was	 strong	heterogeneity	 concerning	 the	 judgement	of	 implausibility,	 and	
there	was	not	one	health	state	that	could	be	deemed	totally	implausible.
In	 summary,	 around	 30%	 of	 the	 3,125	 EQ-5D-5L	 health	 states	 were	 considered	 as	
implausible	by	at	least	half	of	the	sample	(i.e.	an	implausibility	score	>0.5).	From	both	
quantitative	and	qualitative	analysis,	we	observed	that	the	major	reason	for	implausibility	
was	 due	 to	 perceived	 conflicts	 between	 two	 dimensions.	 Thus,	 the	moderate	 health	
states	on	 the	misery	 index	scale	were	more	 likely	 to	be	 judged	as	 implausible	 states,	
as	 health	 states	 in	 this	 range	 could	 have	 some	 extreme/no	 problems	 combinations	
between	dimensions.	By	analyzing	the	extreme/no	problems	combinations,	a	common	
pattern	could	be	found,	such	as	usual	activities	being	more	likely	to	interact	with	other	
dimensions,	 for	 example.	Nevertheless,	 from	 the	 thematic	 analysis,	 respondents	 had	
different	interpretations	concerning	how	EQ-5D	dimensions	interacted	with	each	other.	
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respondents	 were	 university	 students.	 Second,	 each	 respondent	 was	 asked	 to	 value	
around	200	health	states	using	EQ-VAS.	The	number	of	health	states	valued	was	much	
higher	than	in	the	standard	valuation	task	using	composite	TTO.	Last,	as	all	respondents	
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5.6	APPENDIx
The	process	of	assigning	EQ-5D-5L	 states	 to	blocks	was	as	 follows:	we	computed	 the	
‘misery	 index’	 of	 all	 EQ-5D-5L	 states,	 as	 the	 sum	of	 the	 five	 digits	 of	 a	 health	 state,	
e.g.	 the	misery	 index	 for	state	 ‘12345’	 is	15.	The	misery	 index	defines	19	strata	 (sum	
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economic,	 clinical,	 and	 population	 health	 studies.	 EQ-5D	 has	 two	 validated	 versions,	
which	 both	 compromise	 five	 dimensions:	 mobility,	 self-care,	 usual	 activities,	 pain/
discomfort	 and	 anxiety/depression,	 the	 three-level	 EQ-5D	 (EQ-5D-3L)	 describes	 each	
dimension	at	three	levels	(roughly	corresponding	to	no,	moderate,	extreme	problems)	
and	 the	 five-level	 EQ-5D	 (EQ-5D-5L)	 expands	 its	 descriptions	 to	 five	 levels	 (roughly	
corresponding	 to	 no,	 slight,	 moderate,	 severe,	 extreme	 problems)	 (9).	 Compared	
to	EQ-5D-3L,	 the	descriptive	richness	of	 the	EQ-5D-5L	 is	an	advantage	when	the	goal	
is	 to	 understand	 the	 health	 state	 of	 a	 respondent,	 but	 potentially	 complicates	 the	













considerations,	 the	MVH	 study	 oversampled	mild	 and	 commonly	 seen	 health	 states	










utility	 values.	 Hence	 each	 block	was	 planned	 to	 include	 the	 pits	 state,	 i.e.	 the	most	
severe	health	state:	55555	and	1	of	the	5	very	mild	states:	21111,	12111,	11211,	11121,	
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using	 an	 EQ-5D-3L	 VAS	 saturated	 dataset	 (a	 dataset	 where	 the	 values	 of	 all	 243	
health	states	are	known),	two	studies	 investigated	the	effect	of	health-state	selection	






orthogonality,	 the	 design	 choice	 of	 EQ-5D-5L	 may	 have	 suffered	 from	misprediction	
effects,	as	found	in	some	design	choices	of	EQ-5D-3L	(90).	




but	we	must	proceed	with	caution	when	we	aim	to	 investigate	 this.	 In	EQ-5D-3L,	we	
have	seen	that	a	reduced	design	with	17	states	from	the	original	MVH	design	(42	states)	
introduced	 large	 prediction	 errors	 in	 the	 final	 value	 set	 (90).	 Nevertheless,	 utilizing	
a	 small	design	could	 reduce	 the	cost	of	a	valuation	study	and	 increase	 the	 feasibility	
of	 such	 a	 study	 for	 countries	with	 limited	 resources.	Hence,	 for	 any	 given	 degree	 of	
prediction	 accuracy,	 the	 smallest	 design	 with	 the	 least	 number	 of	 health	 states	 to	



























197	 health	 states:	 (1600	 students	 x	 197	 health	 states/respondent)/	 3125	 states	 =	 100	
observations/health	state.	We	divided	3,123	health	states	into	16	blocks	using	a	stratified	
random	 selection	 process	 so	 that	 each	 block	 contained	 around	 197	 states	 (11111	 and	





6.2.2  tested Designs 
After	we	obtained	the	empirical	values	for	all	3,125	health	states,	we	tested	how	well	
the	EQ-VT	set	with	86	health	states	and	other	candidate	health	state	sets	predicted	the	













analysis	 and	 both	 designs	 aim	 to	 optimize	 statistical	 efficiency	 (94).	 An	 orthogonal	
design	defines	an	empirical	state	set,	which	satisfies	the	criterion	that	all	severity	levels	
and	all	 severity	 level	combinations	 (to	a	defined	degree	of	 level	 interaction:	2e	or	3e	
etc.	 )	 are	equally	prevalent	and	 therefore	balanced	 (78).	An	orthogonal	design	 is	not	
always	available	as	some	combinations	of	dimension	levels	are	not	feasible	(in	the	case	











that	 represent	 the	EQ-5D	health	 states:	54321	=	5+4+3+2+1	=	15.	We	 then	classified	









The	 performance	 of	 the	 different	 principles	 in	 selecting	 health	 states	was	 quantified	
through	computation	of	the	Root	Mean	Squared	Error	(RMSE)	as	the	primary	measure	
85
E x P l o r E  S m a l l  D E S I G n  F o r  E Q -5 D  Va l uat I o n
6
of	prediction	performance	 (the	higher,	 the	worse	 the	performance).	For	each	design,	
an	 ordinary	 least	 squares	 (OLS)	 main	 effects	 model	 was	 used	 to	 fit	 the	 model	 for	



























































































	+	ε.																														 	 	 	 	 	 							(1)
In	the	modelling,	100	observations	per	state	were	used	across	all	design	choices.	This	
meant	 all	 data	 was	 used,	 except	 for	 11111	 and	 55555,	 because	 these	 states	 were	
sampled	in	every	block	of	the	questionnaire.	To	avoid	‘over-weighting’	11111	and	55555,	
the	number	of	observations	was	limited	to	100.	
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VAS	 value	per	 health	 state	with	 that	misery	 index	 (orange	boxplot).	 For	 comparison,	



















performed	 similarly,	 while	 the	 random	 selection	 design	 was	 slightly	 worse.	 Random	
88
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EQ-VT Protocol (weighted for pits & 5 mildest) 86 2.69 3.69 3.66
EQ-VT Protocol 86 2.65 3.45 3.44
EQ-VT Protocol (excluding pits & 5 mildest) 80 2.39 3.02 3.00
25 orthogonals 25 1.03 3.41 3.40
25 orthogonals (extending pits & 5 mildest) 31 2.61 3.88 3.87
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Figure	 4	 shows	 that	 large	mispredictions	 occurred	 least	 frequently	 in	 the	orthogonal	
designs,	regardless	of	size.	
table 2: Observed	values	&	predicted	values	for	10	random	health	states
Health state Observed 
value
SE 95% CI Predicted by 
orthogonal* (mean, SE)
Predicted by EQ-VT
21112 73.7 1.5 70.7. 76.6 67.2. 3.1 71.7
13112 68.0 1.6 64.9. 71.1 65.3. 2.9 70.5
23113 61.3 1.5 58.2. 64.3 58.8. 2.6 60.4
25511 51.9 1.8 48.3. 55.4 50.2. 2.5 53.2
14334 43.0 1.8 39.6. 46.5 45.0. 2.1 45.0
44513 41.0 1.5 38.1. 43.9 40.9. 2.3 42.3
13455 35.5 1.7 32.2. 38.8 37.6. 2.0 37.1
24445 35.0 1.6 31.9. 38.0 33.0. 2.0 33.3
45354 30.5 1.5 27.6. 33.3 28.9. 2.1 26.1
55555 14.5 0.4 13.8. 15.2 20.2. 2.3 18.2
CI, confidence interval; SE, standard error.


















here.	 First,	 this	 could	 be	 a	 consequence	 of	 under-representing	 the	 mild	 states	 in	
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question,	by	 giving	 the	5	mildest	 states	more	weight	 in	 the	blocked	EQ-VT	design	or	
























in	TTO	data	as	11111	 is	 the	reference	state	 (no	need	to	value	and	have	a	 theoretical	
value	of	1)	and	the	gap	effect	is	then	translated	into	the	model	intercept.
Better	 performance	 for	 statistically	 efficient	 designs	was	 similar	 to	 the	 results	 found	
in	 previous	 EQ-5D-3L	 studies	 (60,	 69,	 90).	 While	 we	 conclude	 that	 in	 using	 a	 main	
effects	model,	an	orthogonal	design	 is	 stable	and	efficient,	 the	D-efficient	design	 is	a	

















dataset.	While	 this	 essentially	 suggests	 a	 two-level	 analysis,	 we	 assumed	 there	 was	
no	 such	 effect.	 Third,	we	used	university	 students	 as	 respondents,	who	have	 limited	
experience	 in	 health	 problems	 and	whose	 preferences	may	 be	more	 homogeneous.	

























states	 from	each	 stratum,	ensuring	general	 severity	balance	across	blocks.	using	 this	
design,	each	block	has	196	or	197	health	states.	
For	 the	 purpose	 of	 acquiring	 the	 saturated	 dataset	 we	 condensed	 the	 health	 state	




c.		8	 states	 for	 separating	 the	 dimension	 and	 severity	 level	 (Walking	 about---------No	
problem).
Each	 student	 saw	 the	 three	 different	 presentations	 in	 a	 random	 order.	 The	 three	
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students	 could	 always	 turn	 to	 the	 first	 page	 of	 questionnaire	 to	 see	 the	 traditional	
wording.
To	understand	the	effect	of	changing	wording,	we	graphed	the	values’	relationship	of	






data	collected	 in	2012	versus.	data	collected	 in	2016.	Despite	all	 the	differences,	 the	
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The	questionnaires	 had	 three	 sections	 in	 the	 following	 order:	 1)	 questions	 to	 collect	






respondents	 were	 instructed	 to	 use	 the	 EQ-VAS	 scale	 to	 value	 each	 health	 state	 by	
writing	down	the	VAS	value	beside	each	health	state.	Respondents	were	encouraged	to	
use	different	numbers/values.
6.5.2  appendix  2:  Detai ls  descr ipt ions  of  the saturated data






C h a P t E r  6
As	can	be	seen	 from	Figure	3,	which	shows	 the	distribution	of	all	observations	along	









Table	 was	 the	 results	 excluding	 the	 illogical	 observations.	 Nevertheless,	 we	 did	 not	
exclude	any	 inconsistent	observations	 for	 several	 reasons:	 first,	excluding	 the	 illogical	
observations	 seems	 increase	 the	 prediction	 errors	 proportionally	 across	 all	 designs;	
second,	excluding	 illogical	observations	affect	more	 for	 the	 small	design	 (orthogonal)	
compared	 to	 the	 large	 design	 (EQ-VT).	 This	 is	 reasonable	 as	 in	 the	 small	 design,	 the	

















RMSE for all 
3,125 health 
states
EQ-VT Protocol (weighted for pits & 5 mildest) 86 2.69 3.69 3.66
EQ-VT Protocol 86 2.65 3.45 3.44
EQ-VT Protocol (excluding pits & 5 mildest) 80 2.39 3.02 3.00
25 orthogonals 25 1.03 3.41 3.40
25 orthogonals (extending pits & 5 mildest) 31 2.61 3.88 3.87
*the italic design was repeated over 100 times
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RMSE for all 
3,125 health 
states
EQ-VT Protocol (weighted for pits & 5 mildest) 86 4.67 5.01 5.00 
EQ-VT Protocol 86 4.67 5.02 5.01 
EQ-VT Protocol (excluding pits & 5 mildest) 80 4.68 4.92 4.92 
25 orthogonals 25 4.62 5.20 5.20 
25 orthogonals (extending pits & 5 mildest) 31 4.66 5.38 5.37 
*the italic design was repeated over 100 times 
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Towards a smaller design for 
a EQ-5D-5L valuation study
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7.1	 INTRODuCTION	





The	optimal	 sample	 size	was	estimated	 to	be	around	1000	 respondents	=10	blocks	x	


































observed	 in	 TTO	 values.	 Also,	 a	 property	 of	 VAS	 is	 ‘end	of	 scale	 aversion’.	While	 the	
maximum	 attainable	 score	 is	 100,	many	 people	 hesitate	 to	 assign	 such	 a	 high	 score	
























set	 was	 kept	 as	 the	 final	 design	 for	 EQ-VT	 based	 on	 the	mean	 squared	 error	 (MSE)	
between	the	prior	parameters	and	estimated	parameters	from	a	‘main	effects’	model,	
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designs	 is	 that	 the	absence	of	 correlations	between	dimensions	offers	 a	 strong	basis	












design	 depends	 on	 the	 required	 degrees	 of	 freedom.	 Furthermore,	 the	 design	 can	
be	 generated	 subject	 to	 constraints,	 for	 example,	 to	 avoid	 implausible	 combinations	
between	dimensions	or	to	include	the	mildest	states	(4	level	1,	1	level	2)	in	the	design.	
Hence	the	Bayesian	design	is	more	flexible	if	constraints	are	considered.	We	developed	





7.2.3  Blocking 
The	set	of	136	(86+	25+	25	states)	health	states	was	divided	into	5	blocks.	The	EQ-VT	
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7.2.4  Interviewers  & respondents
Following	 sample	 size	 considerations	 explained	by	Oppe	et	 al	 (28),	we	 collected	TTO	
values	 for	 the	 5	 blocks	 of	 health	 states	 from	 N=500	 university	 students	 of	 Guizhou	
Medical	 university,	 China.	 A	 student	 sample	 was	 used	 in	 consideration	 of	 the	 large	
number	of	health	states	to	be	valued	(30	states	per	block)	being	over-demanding	for	a	
general	population	sample.	
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and	 presence	 of	 interviewer	 effects	 were	 sent	 to	 interviewers	 every	 3	 days,	 with	
individual	suggestions	on	how	to	improve	interview	performance,	if	necessary.	


































































































on	 the	 assumption	 that	 the	 relative	 distance	 between	 levels	 is	 the	 same	 across	 all	
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Rand-Hendriksen	et	al	reported	no	difference	in	performance	in	terms	of	out-of-sample	





states,	 and	 under	 either	 the	 assumption	 of	 homoscedasticity	 (random	effect	 general	
linear	squared)	or	of	heteroscedasticity	(heteroscedastic	regression).	










7.3.1  raw data
In	total	557	interviews	were	completed.	For	quality	reasons,	the	first	32	interviews	of	
an	 interviewer	 were	 dropped	 and	 after	 retraining,	 this	 interviewer	 re-conducted	 32	
interviews	with	new	respondents.	Data	for	the	first	unqualified	32	interviews	were	not	
analysed.	On	average,	respondents	spent	46	minutes	(SD:	14	minutes)	and	7.89	moves	
(SD:	2.11	moves)	on	 the	valuation	 task,	 including	6	practice	 states.	The	average	 time	
to	complete	a	single	TTO	task	was	56.9	seconds	for	non-practice	states.	The	observed	
values	for	all	health	states	can	be	found	in	the	appendix.	The	highest	mean	value	was	
0.950	for	state	12111,	and	the	 lowest	mean	value	was	 -0.719	for	state	55555.	 	More	
severe	states	had	larger	standard	deviations.
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Figure	 1	 showed	 similar	 data	 distributions	 for	 the	 EQ-VT	 design	 and	 the	 orthogonal	
design,	while	 the	 Bayesian	 design	 had	 fewer	 observations	 clustering	 at	 -1,	 but	more	
observations	clustering	at	0.95.	
7.3.2  model l ing & Predict ion performance
table 1:	RMSE	full	results
Model All EQ-VT Orthogonal+5 Orthogonal Bayesian+5 Bayesian
# Health states 146 86 30 25 30 25
Multiplicative 0.051 0.053 0.066 0.067 0.063 0.067
GLS additive 0.049 0.053 0.069 0.069 0.063 0.095
Hetero additive 0.051 0.054 0.064 0.072 0.065 0.092
Table	1	 indicates	that	the	EQ-VT	design	performed	better	than	the	2	small	designs	 in	
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for	the	orthogonal	design	(0.066	versus	0.067).	Next,	we	report	the	results	of	3	designs	





























































RMSE for empirical state set 0.024 0.036 0.051
RMSE for validation state set 0.070 0.072 0.054
RMSE for all states 0.063 0.066 0.053









All	3	designs	performed	similarly	 in	mild	states	 (i.e.	with	a	maximum	misery	 index	of	
13).	 The	EQ-VT	design	performed	evenly	 along	 the	 scale	except	 for	 group	23,	 and	 in	
that	 group,	 only	 1	 state	presented	 in	 our	 dataset,	 i.e.	 55535,	which	belonged	 to	 the	
109
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11221 0.915 0.007 0.901 0.930 0.912 0.916 0.847
12324 0.502 0.038 0.427 0.578 0.498 0.557 0.518
24422 0.437 0.035 0.368 0.505 0.443 0.498 0.421
31514 0.362 0.040 0.283 0.441 0.278 0.241 0.324
34234 0.311 0.041 0.230 0.392 0.229 0.286 0.263
43154 -0.017 0.050 -0.115 0.082 -0.048 -0.005 -0.034
43542 -0.009 0.055 -0.117 0.010 0.032 0.045 -0.006
44355 -0.365 0.048 -0.461 -0.269 -0.347 -0.336 -0.271
55424 -0.259 0.056 -0.370 -0.147 -0.157 -0.203 -0.073
55535 -0.617 0.041 -0.699 -0.536 -0.387 -0.524 -0.239
Figure 2:	RMSE	of	three	designs	over	severity	scale
*In the bracket aft er each misery index group shows the number of health states in that group
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7.4	DISCuSSION
This	study	built	on	the	previous	EQ-VAS	study,	in	which	we	found	that	statistically	efficient	





in	 the	EQ-VAS	 study.	As	 the	EQ-VT	design	accounted	 for	 63%	 (=86/136)	of	 all	 states,	
































is	on	 standard	errors	around	parameters.	Hence,	by	extending	 the	number	of	 states,	






used	 the	prior	 information	 from	previous	valuation	studies	conducted	 in	China	 (9,	15),	








































HS Mean SD HS Mean SD HS Mean SD HS Mean SD
21111 0.933 0.080 23514 0.310 0.438 21111 0.922 0.110 21111 0.932 0.075
12111 0.950 0.053 31524 0.254 0.537 12111 0.927 0.093 12111 0.936 0.074
11211 0.932 0.098 53412 0.423 0.343 11211 0.945 0.064 11211 0.930 0.079
11121 0.926 0.094 52431 0.303 0.502 11121 0.934 0.099 11121 0.923 0.123
11112 0.940 0.107 24342 0.383 0.408 11112 0.932 0.095 11112 0.939 0.078
12121 0.917 0.104 22434 0.204 0.533 21331 0.700 0.279 12231 0.741 0.238
11212 0.910 0.091 21444 0.141 0.493 11215 0.536 0.414 31114 0.567 0.374
12112 0.900 0.090 12543 0.193 0.530 24113 0.601 0.271 21125 0.533 0.365
11221 0.915 0.074 35332 0.446 0.355 32511 0.540 0.328 11235 0.461 0.411
11122 0.878 0.127 51451 0.052 0.559 42132 0.547 0.318 22324 0.473 0.372
21112 0.876 0.122 45133 0.280 0.463 12324 0.502 0.393 53113 0.495 0.326
11421 0.700 0.283 33253 0.230 0.516 25222 0.644 0.263 11551 0.234 0.512
13122 0.837 0.124 44125 0.163 0.487 15151 0.329 0.482 44411 0.340 0.400
14113 0.645 0.257 43315 0.145 0.534 53312 0.432 0.367 33341 0.361 0.395
11414 0.393 0.510 35143 0.142 0.536 33125 0.394 0.388 21452 0.200 0.496
13313 0.648 0.295 31525 0.137 0.552 43241 0.290 0.473 11444 0.135 0.505
13224 0.560 0.315 32443 0.292 0.412 13433 0.453 0.346 24422 0.437 0.351
42321 0.516 0.436 45233 0.296 0.422 41523 0.271 0.464 42531 0.278 0.470
11235 0.442 0.473 24443 0.045 0.569 51144 0.109 0.540 32433 0.387 0.377
25122 0.624 0.337 34244 0.045 0.537 31452 0.254 0.502 35223 0.517 0.282
21315 0.386 0.494 53243 0.092 0.557 14542 0.163 0.496 51333 0.357 0.412
12513 0.614 0.245 43514 0.141 0.495 54421 0.192 0.491 42145 0.040 0.522
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EQ-VT Orthogonal Bayesian
HS Mean SD HS Mean SD HS Mean SD HS Mean SD
11425 0.257 0.543 45413 0.260 0.435 34234 0.311 0.421 43513 0.283 0.426
35311 0.525 0.414 55233 0.163 0.516 52253 0.124 0.514 34352 0.134 0.483
53221 0.587 0.289 43542 -0.009 0.560 22445 0.037 0.534 43154 -0.017 0.504
42115 0.350 0.448 54342 -0.055 0.584 45414 -0.044 0.515 24515 0.184 0.463
12334 0.495 0.387 52335 0.031 0.562 35343 0.194 0.520 45414 -0.027 0.529
25222 0.583 0.379 54153 0.108 0.479 23554 -0.063 0.508 25542 0.049 0.512
12244 0.272 0.492 34155 -0.104 0.549 44355 -0.365 0.501 31555 -0.105 0.519
23242 0.550 0.277 45144 -0.125 0.543 55535 -0.617 0.424 25445 -0.246 0.549
23152 0.380 0.453 53244 -0.121 0.589
32314 0.384 0.489 34515 -0.027 0.575
21334 0.437 0.377 14554 -0.146 0.533
15151 0.434 0.379 55225 -0.016 0.542
12514 0.345 0.525 24445 -0.276 0.567
51152 0.358 0.428 35245 -0.109 0.588
34232 0.497 0.344 24553 -0.071 0.564
25331 0.523 0.293 44345 -0.291 0.564
12344 0.159 0.568 55424 -0.259 0.574
31514 0.362 0.408 44553 -0.250 0.519
21345 0.209 0.502 52455 -0.420 0.519
52215 0.199 0.546 43555 -0.434 0.530
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In	this	chapter,	first	the	research	questions	raised	in	Chapter	1	are	answered,	then	the	
limitations	of	 the	thesis	are	 identified.	Subsequently,	 the	 implications	of	 the	research	
undertaken	in	the	thesis	are	discussed	and	ideas	for	future	research	offered.	





self-reported	 health	 states	 (research	 question	 #1).	 The	 norm	 scores	 were	 reported	
in	Chapter	2,	 in	Tables	2	and	3	for	males	and	females	respectively.	 In	general,	HRQoL	
outcomes	 measured	 by	 EQ-5D-5L	 differed	 over	 age,	 gender,	 education	 level,	 health	
insurance	 status,	 employment	 status,	 and	 the	 residence	 of	 origin	 groups	with	 lower	





TTO	 task	 to	 express	 their	 health	preferences	 following	 the	EQ-VT	 interview	protocol.	
Furthermore,	using	inconsistency	as	a	proxy	to	compare	interviewers’	performance,	it	
was	 found	 that	 the	Chinese	 TTO	data,	which	was	 collected	without	 a	 quality	 control	
procedure,	was	affected	by	interviewer	effects,	i.e.	data	from	certain	interviewers	had	
much	 higher	 inconsistency	 rates	 and	 larger	 inconsistency	 magnitudes.	 These	 effects	
were	 profound	 and	 could	 partially	 explain	 regional	 differences	 in	 the	 2012	 China	
valuation	data.	 In	 that	study,	Beijing	showed	higher	values	 than	the	other	 four	cities.	

























valuing	 fewer	 states	 (e.g.	using	a	17-state	 subsample	of	 the	42-state	MVH	study).	 To	
test	the	consequences	of	these	concerns,	an	empirical	approach	was	taken	by	imitating	
different	designs’	prediction	performance	in	a	saturated	dataset.	A	three-step	approach	
was	 utilized:	 (i)	 the	 empirical	 values	 of	 a	 design	were	 used	 to	 construct	 a	 value	 set,	
(ii)	 this	value	set	was	used	 to	predict	 the	values	of	all	 the	health	states,	 (iii)	 the	 root	





Simulations	 performed	on	 the	 5L	VAS	 saturated	dataset	 suggested	 that	 the	 standard	
EQ-5D-5L	design	(EQ-VT)	recommended	by	the	EuroQol	Group	was	valid.	Yet,	similar	to	
findings	in	the	EQ-5D-3L	context,	smaller	designs	with	optimal	statistical	efficiency	could	
achieve	 similar	modelling	 results	 (research	 question	 #5).	 The	 good	 result	 for	 smaller	
designs	was	also	validated	by	the	TTO	data.	As	another	issue	for	health	state	selection,	




Overall,	 the	 work	 undertaken	 here	 on	 the	 design	 issue	 suggests	 that	 the	 individual	
health	 state	 selection	 approach	 is	 not	 appropriate.	 As	 an	 alternative,	 considering	 a	
119




could	 produce	 more	 accurate	 estimations.	 The	 issue	 of	 implausible	 or	 uncommon	






8 .2 	L IMITATIONS





























The	 EQ-5D	 questionnaire,	 whether	 EQ-5D-3L	 or	 EQ-5D-5L,	 has	 been	 used	 to	 assess	
the	HRQoL	 or	 health	 status	 of	 populations	 all	 over	 the	world	 (114).	 A	 large	 body	 of	
literature	has	demonstrated	the	psychometric	properties	of	the	EQ-5D	questionnaire	in	
many	different	cultures.	In	contrast,	qualitative	evidence	on	the	content	validity	of	the	






can	be	noted	 that	 the	FDA	of	 the	united	States	 requires	documentation	of	 evidence	
on	content	validity	for	the	patient	reported-outcomes	instrument	used	to	support	label	
claims	(118).
China	 is	 the	world’s	most	 populous	 and	 rapidly	 developing	 country.	 Driven	 by	 rising	
expectations	 and	 population	 ageing,	 health	 outcomes	 and	 health	 policy	 research	 in	





western	 HRQoL	 instruments	 in	 Chinese	 populations	 (120).	 Possibly,	 there	 might	 be	






















second,	 VAS	 values	 generally	 display	 unimodal	 approaching	 a	 bell-curve	 distribution,	
particularly	around	the	middle	range;	third,	a	property	of	VAS	is	‘end	of	scale	aversion’.	
While	the	maximum	attainable	score	is	100,	many	people	hesitate	to	assign	such	a	high	











to	1)	 in	 the	current	 study.	Also,	 the	 ‘end	of	 scale	aversion’	property	 in	VAS	offered	a	
partial	explanation	for	the	large	mispredictions	around	mild	states	shown	in	the	Chapter	
6	where	VAS	data	was	used,	but	not	in	Chapter	7	where	TTO	data	was	used.
8.2.3  Sample issue
In	the	2012	Chinese	valuation	study,	the	sample	employed	was	collected	in	five	urban	






instead	of	 a	 general	 public	 sample.	 Students	 valuing	 a	 large	number	of	health	 states	
122





VT	design,	 the	mean	standard	deviation	across	86	 states	 for	 the	 student	 sample	was	
0.416	while	the	counterpart	from	the	2012	Chinese	general	public	study	was	0.479.	It	
can	 be	 observed	 that	 the	 students	 had	more	 homogeneous	 health	 preferences	 than	
the	general	public,	since	the	general	public	had	more	socio-economic	differences.	Thus,	
when	adopting	the	small	design	for	use	with	the	general	public,	we	may	expect	to	use	
more	 observations	 or	more	 health	 states	 in	 order	 to	 achieve	 an	 acceptable	 level	 of	
prediction	accuracy.
8 .3 	 IMPLICATIONS
The	 norm	 scores	 presented	 in	 Chapter	 2	 of	 the	 thesis	 are	 a	 valuable	 asset	 for	 EQ-





and	 the	 index	value	of	 the	40-49	male	group	 from	 the	general	public	were	85.5	and	




This	 thesis	 also	 provides	 practical	 guidance	 for	 future	 valuation	 studies.	 In	 terms	 of	
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needs	 to	be	valued	by	100	 respondents,	and	with	each	 respondent	valuing	10	 states	
we	may	expect	that	by	using	a	small	design,	the	minimum	sample	size	requirement	for	
a	valuation	study	could	be	reduced	 from	1000	respondents	 to	only	300	respondents.	
Hence,	 the	 resources	 freed	 up	 by	 adopting	 small	 designs	 could	 be	 used	 to	 engage	
the	more	difficult-to-reach	 respondents	 from	 rural	 areas	 in	 order	 to	 improve	 sample	
representativeness.	
Another	 implication	 for	health	valuation	 researchers	 is	 that	 the	concern	with	 respect	
to	 inconsistency	 in	 the	 TTO	 task	 has	 been	 largely	 addressed	by	 extending	 the	 EQ-VT	
protocol	to	employ	a	quality	control	(QC)	tool	(57).	Ramos	Goni	et	al	reported	that	the	
implementation	of	the	QC	process	was	found	to	lower	the	inconsistency	rate	from	11%	
to	3%	 in	 the	Spanish	valuation	 study	 (57).	 Thus,	one	 important	 lesson	has	been	 that	




such	 as	 an	 orthogonal	 one;	 second,	 recruit	 the	 right	 interviewers	 (who	 are	 open	 for	
feedback	and	would	 like	 to	 learn	on	 the	 job,	who	apply	 soft	 skills	 to	handle	difficult	
topics,	who	maintain	motivation,	etc.),	train	them	well,	and	monitor	their	performance	











easy	 for	 respondents	 to	 complete	 and	 the	 task	 can	be	 self-completed,	 e.g.	 online	or	
using	postal	surveys,	without	requiring	assistance	from	an	interviewer.	This	allows	the	
possibility	 of	 estimating	 a	 national	 representative	 EQ-5D-5L	 value	 set	 for	 China.	 For	
example,	20	regions	could	be	selected	based	on	their	 level	of	economic	development	
124
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Additional	 analysis	 was	 undertaken	 to	 test	 whether	 self-reported	 HRQoL	 varied	


























Learning	 from	 design	 selection	 experience	 with	 EQ-5D-3L,	 the	 research	 presented	
in	Chapter 6 aimed	 to	 test	 the	 selection	 of	 health	 states	 used	 in	 the	 current	 EQ-VT	
design	 and	 to	 identify	 a	 possible	 smaller	 design	 for	 EQ-5D-5L	 valuation	 studies.	 The	




from	 the	 orthogonal	 design	 in	 the	 upper	 part	 of	 the	 severity	 scale	 needed	 further	




25-state	 orthogonal	 design	was	 confirmed	 in	 TTO	data,	 in	 the	 sense	 that	 the	 overall	
prediction	was	as	good	as	the	EQ-VT	design	of	86	health	states.	


















gezondheidsstatus	 in	 de	 Chinese	 stedelijke	 gebieden.	 Deze	 studie	 geeft	 niet	 alleen	
inzicht	 in	 de	 variantie	 van	 gezondheidsgerelateerde	 kwaliteit	 van	 leven	 (HRQoL)	
tussen	 subgroepen,	 maar	 geeft	 ook	 referentiewaarden	 voor	 ziektelaststudies	 en	




is	 in	 beide	 onderzoeksvelden.	 Op	 dit	 moment	 heeft	 de	 Chinese	 regering	 kosten-
utiliteitsonderzoek	nog	niet	aangewezen	als	de	basis	voor	allocatiebeslissingen	binnen	
de	gezondheidszorg,	maar	er	zijn	sterke	signalen	dat	dit	in	de	toekomst	wel	zal	gebeuren.	




5D	wereldwijd	het	meestgebruikte	 instrument	 is	 voor	dit	 doel,	 is	 het	ook	een	goede	
kandidaat	voor	China.	
hoofdstuk 2 beschrijft	 het	 EQ-5D	 normscore-onderzoek	 onder	 de	 Chinese	
stedelijke	 bevolking.	 Aanvullende	 analyses	 werden	 uitgevoerd	 om	 na	 te	 gaan	 of	 de	
zelfgerapporteerde	 HRQoL	 varieerde	 tussen	 demografische	 groepen.	 Hieruit	 bleek	
dat	 HRQoL	 inderdaad	 verschilde	 naar	 leeftijd,	 geslacht,	 opleidingsniveau,	 vorm	 van	
ziektekostenverzekering,	het	beroep	en	de	geboorteplaats.	
In	 hoofdstuk 3	 zijn	 de	 inconsistenties	 in	 TTO-responsen	 gerelateerd	 aan	 interview	




onderzocht	 en	 met	 elkaar	 vergeleken.	 Allereerst	 is	 in	 hoofdstuk 4	 een	 verzadigde	
dataset	als	gouden	standaard	gebruikt	om	te	onderzoeken	welk	van	twee	veelgebruikte	
manieren	 om	 gezondheidstoestanden	 te	 selecteren	 voor	 een	 waarderingstaak	 de	
beste	basis	geeft	voor	het	voorspellen	van	de	waarde	van	gezondheidstoestanden	die	
niet	 in	 de	 waarderingstaak	 zijn	 opgenomen.	 Het	 betrof	 het	 selecteren	 op	 basis	 van	
het	 ‘voorkomen’	 van	 de	 gezondheidstoestand	 (de	 prevalentie),	 versus	 de	 statistische	
136
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efficiëntie	 voor	 het	 model.	 Door	 de	 selectie	 en	 het	 modelleerproces	 te	 simuleren,	





hoofdstuk 5	 beschrijft	 de	 constructie	 van	 een	 vergelijkbare	 verzadigde	 dataset	






dan	 wanneer	 de	 respondenten	 de	 toestand	 ‘geloofwaardigheid’	 vonden,	 maar	 het	
verschil	was	klein.	
Gebruikmakend	 van	 de	 ervaring	 met	 de	 EQ-5D-3L,	 wordt	 met	 het	 onderzoek	 uit	
hoofdstuk 6	de	selectie	van	het	huidige	EQ-VT	protocol	getest	en	wordt	er	gekeken	of	
er	 geen	 kleinere	 selecties	mogelijk	 zijn	 voor	 EQ-5D-5L	waarderingsstudies.	 De	 goede	
prestaties	van	een	selectie	gebaseerd	op	statistische	overwegingen	werd	bevestigd	in	dit	
onderzoek	rondom	de	EQ-5D-5L:	het	orthogonale	model	met	25	gezondheidstoestanden	
scoorde	 net	 zo	 goed	 als	 de	 EQ-VT	 selectie	 met	 86	 gezondheidstoestanden,	
wanneer	 gekeken	 wordt	 naar	 de	 precisie	 waarmee	 de	 waarden	 van	 alle	 3.125	
gezondheidstoestanden	worden	voorspeld.	Ondanks	dit	gunstige	resultaat	waren	er	ook	
zorgen;	zo	laten	de	orthogonale	modellen	grote	fouten	zien	bij	het	schatten	van	de	milde	
gezondheidstoestanden.	 Daarnaast	 zijn	 de	waarden	 die	 verkregen	 zijn	met	 de	 visual 
analogue scale	mooier	verdeeld	dan	de	TTO	waarden,	wat	de	generaliseerbaarheid	van	
de	bevindingen	voor	de	TTO	data	in	twijfel	trekt.	Derhalve	is	in	hoofdstuk 7,	het	meest	
doelmatige	model	 (het	 orthogonale	model)	 getest	 in	 vergelijking	met	 het	 standaard	
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